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In a previous study, acupuncture at acupoint HT7 attenuated ethanol withdrawal-induced
anxiety-like behavior in rats by normalizing amygdaloid catecholamines. In the present
study, the involvement of amygdaloid corticotropin-releasing factor (CRF) in the anxiolytic
effect of acupuncture was investigated during ethanol withdrawal. Rats were intraperito-
neally treated with 3 g /kg/day of ethanol for 28 days, and the CRF mRNA levels in the cen-
tral nucleus of the amygdala (CEA) weremeasured by using a RT-PCR analysis 72 hours after
the last dose of ethanol. During ethanol withdrawal, the rats were bilaterally treated with
acupuncture at acupoints HT7, PC6 or at a non-acupoint (Tail) for one min/day for three
days. Also, rats were bilaterally injected with CRF into the CEA five minutes after the third
acupuncture treatment , afterwhich followedby the elevated-plusmaze (EPM) test and the
plasma corticosterone radioimmunoassay (RIA) were administered. The RT-PCR analysis
showed a significant increase in the amygdaloid CRFmRNA levels in the ethanol-withdrawn
rats compared with both the saline-treated rats and the rats treated with acupuncture at
HT7, but neither acupuncture at PC6 nor acupuncture at a non-acupoint significantly inhib-
ited the increased mRNA expression. The EPM test and the RIA also showed that thet of Pharmacology, Mudanjiang Medical University, 3 Tongxiang Street, Aimin District, Mudanjiang
acopuncture Institute
3.01.017
Effect of Acupuncture on Amygdaloid CRF 235post-acupuncture infusion of CRF greatly reduced the anxiolytic effect of acupuncture at
HT7. These results suggest that during ethanol withdrawal, the anxiolytic effect of acu-
puncture may be mediated through the modulation of amydaloid CRF during ethanol
withdrawal.1. Introduction
Anxiety generated by withdrawal is regarded as the most
significant contributing factor to alcoholics’ relapse to
ethanol use after extended periods of abstinence, and
typical anxiolytics such as buspirone and alprazolam can
decrease the relapse rate [1e3]. The central nucleus of the
amygdala (CeA) plays an essential role in mediating the
generation, expression, and maintenance of anxiety re-
sponses. Anatomical and histological studies show the CeA
is abundantly innervated by several neurotransmitter and
neuropeptide systems, including catecholaminergic neu-
rons and neurons containing corticotropin-releasing factor
(CRF) [4]. CRF is the major hormonal factor that mediates
physiological and behavioral responses to internal and
external stressors. Multiple studies indicate the critical role
of CRF in the CeA in mediating anxiety-like behaviors
induced by the withdrawal of addictive drugs [1,5].
Acupuncture, as the best known alternative medicine
treatment, has beenwidely practiced in Eastern countries for
the treatment of several mental disorders, including drug
abuse withdrawal syndrome [6]. Although the biological
mechanisms of acupuncture are not yet clear, clinical and
animal studies suggest that acupuncture treatment can con-
tribute to maintenance of the biochemical balance in the
central nervous system and recovery of homeostasis in the
body [7]. Previously, we demonstrated that acupuncture at
specific acupuncture point (acupoint) HT7 (Shen-Men)
improved ethanol withdrawal-induced anxiety-like behavior
and the changes in plasma corticosterone (CORT) levels by
normalizing amygdaloid catecholamines [8]. Additionally,
several studies have shown that altered neurotransmissions
produced functional changes in the CRF system in the amyg-
dala, including increased secretionofCRF [1,4]. In thepresent
study, we investigated the effect of acupuncture on the
expression of CRF mRNA in the CeA and its involvement in the
anxiolytic effect of acupuncture during ethanol withdrawal.2. Materials and methodsFigure 1 Diagram of a rat in supine position with acupoints
HT7, PC6, and nonacupuncture tail stimulation points.2.1. Apparatus
The elevated-plus maze (EPM) (Shanghai Yishu Co., Shang-
hai, China) consists of a plus-shaped maze elevated 50 cm
above the ground and equipped with a video-tracking sys-
tem. The four arms were each 40 cm long and 10 cm wide.
Two opposing arms were enclosed by black wooden walls
30 cm high (closed arms); whereas the other two arms were
devoid of walls (open arms). The principle of the EPM test is
based on rodents’ natural fear of open and elevated
spaces, and the time spent on open arms is negatively
correlated with the anxiety level of the subject.2.2. Animals and experimental design
Adult male Sprague-Dawley rats (250e270 g) were obtained
from the Laboratory Animal Center in the Medical College of
Yanbian University (Yanji, China). The rats were kept on ad
libitum food and water and maintained on a 12-hour light:
12-hour dark cycle throughout the course of the study. All
animal procedures were conducted in accordance with the
National Institutes of Health Guidelines concerning the care
and use of laboratory animals and were approved by the
Animal Care and Use Committee of Yanbian University.
The rats were given 3 g/kg/day of ethanol (20%, w/v) or
saline by intraperitoneal injections for 28 days. After the
last dose of ethanol, rats underwent ethanol withdrawal for
72 hours. The acupuncture groups were subjected to acu-
puncture at acupoint HT7, PC6 (Nei-Guan) or non-acupoint
(tail) (Fig. 1) for 1 minute once daily for 3 days.
For acupuncture stimulation, stainless steel needles
(0.2 mm in diameter) were inserted into the left and right
side of the selected acupuncture points. The process of
acupuncture stimulation was divided into two parts,
called reinforcement and reduction. In the reinforcement
session (the 1st session), needles were twisted (<180)
gently once a second for 30 seconds; in the reduction
236 ZhengLin Zhao et al.session (the 2nd session), needles were twisted (>360)
with greater strength two times per second for another 30
seconds [8]. For sham acupuncture treatment, two groups
of rats that were also treated with ethanol (ethanol-
treated control rats) or saline (saline-treated control
rats), respectively, had been held for 1 minute without
the insertion of acupuncture needles to obtain the same
immobilization as in the acupuncture-treated rats.
For the microinjection of CRF into the CeA, stainless-
steel guide cannulae (15 mm; 23 gauge) were bilaterally
implanted into the rats in a stereotaxic frame under anes-
thesia (sodium pentobarbital, 50 mg/kg, i.p.) with the
cannula tips 2 mm above the CeA (coordinates: ante-
rioreposterior (AP) Z 2.2, medialelateral (ML) Z 4.3,
dorsaleventral (DV) Z 6.0) according to the Paxinos and
Watson atlas [9]. After 7 days’ recovery from surgery, the
rats were subjected to the same ethanol-withdrawal
paradigm and received one microinjection of human CRF
(Sigma Chemical Co., St. Louis, MO, USA) [dissolved in
a modified Ringer’s solution (MRS) containing 150 mM NaCl,
3.0 mM KCl, 1.4 mM CaCl2, and 0.8 mM MgCl2 in 10 mM
phosphate buffer at pH 7.1] into the CeA (0.2 mg/0.2 mL for
each side over a period of 30 seconds) using motorized sy-
ringe pumps (Sage Instruments, Boston) 5 minutes after the
third acupuncture treatment. At the end of each experi-
ment, histological examination was used to verify the po-
sition of each microinjection cannula in all of the rats. Only
data obtained from the rats with cannulae in the correct
position were used for statistical analysis.
2.3. Reverse transcription polymerase chain
reaction (RT-PCR) analysis of corticotropin-
releasing factor mRNA
To determine the effect of acupuncture treatment on the
alterations in CRFmRNA expression in the CeA during ethanolFigure 2 Diagrammatic representation of coronal secwithdrawal, 5 minutes after the third acupuncture (or sham)
treatment six rats from each group were decapitated, and
the entire brain was removed and stored at 80 C. The CeA
tissues were punched out according to the protocol estab-
lished by Wang et al [10], and the coordinates of the CeA
were based on the Paxinos and Watson rat brain atlas [9]
(Fig. 2). Total RNA was isolated using the RNeasy Mini kit
(Qiagen, Valencia, CA, USA), and cDNAs were synthesized
from the total RNA using the SuperScript III First-Strand
Synthesis System (Invitrogen, Carlsbad, CA, USA) according
to the manufacturer’s instructions. Two microliters of cDNA
solution synthesized above were added into the 30 mL poly-
merase chain reaction mixture composed of 20 mM TriseHCl
(pH 8.4), 50 mM KCl, 3.0 mM MgCl2, 10 mM dNTP, 10 mM each
of the forward and reverse primers, and 0.05 U/mL of Taq
polymerase. Polymerase chain reaction was performed using
a PTC-100 Programmable Thermal Controller (MJ Research,
Waltham, MA, USA). Thermal cycling conditions were 5
minutes at 95 C, followedby 35 cycles of 30 seconds at 95 C,
30 seconds at 60 C, and 30 seconds at 72 C. The primer
sequences used for amplifying CRF were as follows: 50-GAA-
GAGAAAGGGGAAAGGCAAAGA-30 (forward) and 50-GCG
GTGAGGGGCGTGGAGTT-30 (reverse). The housekeeping
gene, glyceraldehyde-3-phosphate-dehydrogenase (GAPDH,
hGAPDH: forward: 50-ATCCCATCACCATCTTCCAG-30 and
reverse: 50-CCTGCTTCACCACCTTCTTG-30), was used as an
internal control. The amplicons were separated by electro-
phoresis on 2% agarose gel, and the band intensities of the
polymerase chain reaction products were quantified by the
Java-based image-processing program ImageJ (National In-
stitutes of Health, Bethesda, MD, USA).
2.4. Elevated-plus maze test
To examine the effect of post-acupuncture treatment with
CRF on the anxiolytic effect of acupuncture, 5 minutestions showing the central nucleus of the amygdala.
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received the microinjection of CRF (or MRS) into the CeA.
One minute after the injection of CRF (or MRS), all rats
were tested individually on the EPM according to the
procedures previously described for the measurement of
anxiogenic response [8]. Briefly, without any pretest han-
dling, each rat was placed in the center of the maze after
which the cumulative time spent in each arm and the
numbers of entries into the open or closed arms were
recorded during a 5-minute test session. Immediately
after the EPM test rats were decapitated, their brains
were removed for the verification of guide cannulae
placements, and blood was collected for the CORT
radioimmunoassay.Figure 3 Effect of acupuncture on ethanol withdrawal-
induced corticotropin-releasing factor (CRF) mRNA expression
in the central nucleus of the amygdala. * p < 0.05, compared
with ethanol (analysis of variance, followed by the post hoc
Newman-Keuls multiple comparison test). The levels of CRF
mRNA were determined by using reverse transcription
polymerase chain reaction analysis and are expressed as
the mean  SEM (n Z 6) of the percentage of the saline
group. S Z saline; ETH Z ethanol; HT7 Z acupuncture at2.5. Corticosterone radioimmunoassay
Blood (1.5 mL) was collected into a chilled tube containing
ethylenediaminetetraacetic acid (20 mg/mL, 20 mL) and
centrifuged (1000 g) at 4 C for 10 minutes. The plasma
was separated and stored at 80 C until assayed. CORT
was measured on plasma samples using the ImmuChem
double antibody 125I radioimmunoassay kit obtained from
MP Biomedicals (Orangeburg, NY, USA) and expressed as
nanograms per milliliter [11].acupoint HT7; PC6 Z acupuncture at acupoint PC6;
TAILZ acupuncture at the non-acupoint tail stimulation points.2.6. Statistical analysis
All data were expressed as mean  standard error of the
mean and analyzed statistically by one-way analysis of
various followed by Newman-Keuls multiple comparison
tests using the commercially-available GraphPad Prizm 5.0
software (GraphPad Software, San Diego, CA, USA). A p
value of <0.05 was considered statistically significant.3. Results3.1. Acupuncture suppresses the ethanol
withdrawal-induced increase of CRF mRNA
expression in the CEA
Statistical analysis revealed there were significant in-
creases in CRF mRNA expression in the ethanol-treated rats
compared with the saline-treated rats 72 hours after their
last ethanol treatment [F (4, 25)Z 4.90, pZ 0.005; saline-
treated group: 100%, ethanol-treated control group:
321.36  60.61%, nZ 6, qZ 4.48, p < 0.05]. The statistical
analysis also showed that acupuncture treatment at acu-
point HT7 significantly inhibited the increased expression of
CRF mRNA in the CeA (HT7: 141.32  22.36%, n Z 6,
q Z 3.64, p < 0.05, compared with the ethanol-treated
control group). However, neither PC6 nor non-acupoint
treatment made significant differences compared with
the ethanol-treated control group (PC6: 338.50  71.73%,
n Z 6, q < 0.01, p > 0.05; tail: 287.30  53.85%, n Z 6,
q < 0.01, p > 0.05). These results indicate that acu-
puncture at specific acupoint HT7 can regulate CRF mRNA
expression during ethanol withdrawal (Fig. 3).3.2. Post-acupuncture infusion of CRF into the CEA
blocks the effect of post-acupuncture on ethanol
withdrawal-induced anxiety-like behavior
In the previous study, acupuncture at HT7 exhibited an
anxiolytic effect on ethanol-withdrawn rats in the EPM test
[8]. In the present study, the EPM test data also showed
that the rats undergoing ethanol withdrawal spent less time
in the open arms (8.67  3.36%, n Z 8) [F (3, 28) Z 4.91,
p < 0.01] compared with saline-treated control rats
(26.81  4.93%, n Z 8, q Z 4.36, p < 0.05), and acu-
puncture at HT7 significantly increased the time spent in
open arms (23.63  4.38%, n Z 8, q Z 3.59, p < 0.05)
compared with the ethanol-treated control group). How-
ever, the postacupuncture infusion of CRF into the CeA
significantly reduced the increased time spent in open arms
(10.21  3.82%, nZ 8, qZ 3.22, p < 0.05) compared with
the HT7 treatment group; and qZ 0.37, p > 0.05 compared
with the ethanol-treated control group) by acupuncture
treatment at HT7. This indicates that the postacupuncture
infusion of CRF almost completely abolished the anxiolytic
effect of acupuncture (Fig. 4). The percentage of time
spent in the open arms was calculated as follows:
Percentage of Tspent in open arms Z Tspent in open arms=
ðTspent in closed arms þ Tspent in open armsÞ:
3.3. Post-acupuncture infusion of CRF into the CEA
blocks the inhibitory effect of acupuncture on
ethanol withdrawal-induced plasma CORT secretion
The radioimmunoassay was carried out to see whether
post-acupuncture infusion of CRF into the CeA would block
Figure 4 Elevated-plus maze test during ethanol with-
drawal. * p < 0.05 compared with ETH. y p < 0.05, compared
with ETH þ HT7 þ MRS. Data are expressed as mean  SEM
(nZ 8) of the percentage of time spent in the open arms of an
elevated plus maze for a 5-minute test period. S Z saline;
ETH Z ethanol; HT7 Z acupuncture at acupoint HT7;
MRS Z modified Ringer’s solution.
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increased secretion of plasma CORT during ethanol with-
drawal. The levels of plasma CORT significantly increased in
ethanol-treated control group (438.47  67.17, n Z 6)
[F (3, 20) Z 4.82, p < 0.05] measured 72 hours after the
last dose of ethanol compared with saline-treated control
rats (190.03  36.72, n Z 6, q Z 4.29, p < 0.05),
while acupuncture at HT7 significantly reduced the
ethanol withdrawal-induced secretion of plasma CORT
(222.31  47.33, nZ 6, qZ 3.73, p < 0.05, compared with
the ethanol-treated control group), however, compared
with the ethanol-treated control group. In agreement with
the results from behavioral tests, the post-acupunctureFigure 5 Plasma levels of corticosterone during ethanol
withdrawal. * p < 0.05, compared with ETH. y p < 0.05 com-
pared with ETH þ HT7 þ MRS. Data are expressed as
mean  SEM (n Z 6) of the concentration of plasma cortico-
sterone. S Z saline; ETH Z ethanol; HT7 Z acupuncture at
acupoint HT7; MRS Z modified Ringer’s solution.infusion of CRF into the CeA abrogated the inhibitory ef-
fect of acupuncture at HT7 on plasma CORT secretion
during ethanol withdrawal (410.62  73.12, n Z 6,
q Z 3.25, p < 0.05, compared with the HT7 treatment
group) (Fig. 5).4. Discussion
Dysregulation of the amygdaloid catecholamines and CRF
are closely related to anxiety-like behaviors during drug
abuse withdrawal. Previously, we demonstrated that acu-
puncture at specific acupoint HT7 attenuated anxiety-like
behavior and improved the changes in plasma CORT levels
in ethanol-withdrawn rats by normalizing catecholamines in
the CeA [8]. In the present study, we have extended the
previous study by showing that acupuncture at HT7 sig-
nificantly inhibits the increase in CRF mRNA expression in
the CeA during ethanol withdrawal in rats, and that the
postacupuncture infusion of CRF into the CeA abolished the
anxiolytic effect of acupuncture at HT7 on ethanol-
withdrawn rats, as evidenced by the EPM test and radio-
immunoassay. These results suggest that the anxiolytic ef-
fect of acupuncture at HT7 during ethanol withdrawal is
mediated through the CRF system in the CeA.
Acupuncture is becoming more popular in treating
mental disorders induced by drug abuse withdrawal, which
derive from the dysregulation of specific neurochemical
elements involved in reward and stress in the brain [1]. In
traditional Chinese medicine, ethanol withdrawal syn-
drome is interpreted as imbalance and disharmony between
Yin and Yang. Acupuncture can correct the imbalance in Yin
and Yang to help the body recover from the withdrawal
state by facilitating stagnant Qi flow through stimulation at
certain acupoints along the meridians [6,7]. It means that
acupuncture can alleviate the withdrawal syndrome by
rectifying the dysregulation of neuronal signal trans-
missions in the brain during drug withdrawal following
abuse [12].
Several lines of evidence show that the CRF in the CeA
plays a critical role in mediating anxiety, and there is
increased amygdaloid CRF activity during withdrawal fol-
lowing drug abuse [13,14]. In the present study, there was
a great increase in CRF mRNA expression during ethanol
withdrawal, while acupuncture at HT7, but not the control
acupoints, significantly inhibited the increase in CRF mRNA
expression. Previously it was shown that acupuncture at
HT7, but not the control acupoint, attenuated anxiety-like
behaviors during ethanol withdrawal by normalizing the
amygdaloid catecholamines [8]. Taken together, these re-
sults suggest that acupuncture at HT7 can modulate CRF
activity in the CeA, by which method the anxiolytic effect
of HT7 may be mediated during ethanol withdrawal.
Pharmacological and genetic manipulation of amygda-
loid CRF can regulate anxiety-like behavior in rodents
[15,16]. Meanwhile, acupuncture also produces its effects
by modulating amygdaloid CRF. For example, acupuncture
at HT7 attenuated anxiety-like behaviors in nicotine-
withdrawn rats through modulation of the CRF in the
amygdala [5]. In the present study, the EPM test showed
that the postacupuncture infusion of CRF into the CeA
almost completely abolished the anxiolytic effect of HT7
Effect of Acupuncture on Amygdaloid CRF 239treatment. These results indicate that the anxiolytic effect
of acupuncture at HT7 is mediated through modulation of
CRF in the CeA during ethanol withdrawal.
Secretion of CORT is regulated by the CRFe
adrenocorticotropic hormone axis, and the increased level
of CORT denotes hyperactivity of the neuroendocrine stress
system in the brain. Although the paraventricular nucleus
(PVN) of the hypothalamus is the major site for CRF-
containing cells triggering the activation of the hypo-
thalamoepituitaryeadrenocortical axis, other extra-
hypothalamic regions of CRF-containing neurons, such as
the CeA and the bed nucleus of stria terminalis, appear to
play important roles in mediating affective disorders such
as fear, depression, and anxiety [17]. Bilateral ablation of
the CeA blocked the enhanced response to stress and fear
induced by centrally delivered CRF, while lesions of the PVN
did not have such effects [18]; moreover, psychological
stress can increase both CRF mRNA expression and protein
content in the CeA but not in the PVN of rats [19]. In
addition, stimulation of the amygdala can increase plasma
levels of CORT [20], and exogenously delivered CORT
increased the levels of CRF mRNA in the CeA while it
decreased them in the PVN [21]. Taken together, these
results suggest that the CRF system in the CeA is
sensitive to psychological stress, and the plasma CORT
levels may reflect the activity of the amygdaloid
CRFeadrenocorticotropic hormone (ACTH)eCORT axis in
response to ethanol withdrawal-induced anxiety. Con-
sistent with the results from the behavioral test, the radi-
oimmunoassay showed that postacupuncture infusion of
CRF into the CeA abrogated the inhibitory effect of acu-
puncture at HT7 on the plasma CORT oversecretion. These
results biochemically support the conclusion that the anx-
iolytic effect of acupuncture at HT7 is mediated through
the modulation of amygdaloid CRF during ethanol
withdrawal.
In the traditional Chinese medicine theory of meridians
and ‘‘Zang-Fu’’, there are 20 meridians connecting the
majority of acupoints, including the 12 main meridians and
the eight extra meridians. Each main meridian corresponds
to an organ system, nourishes the organ and extends to an
extremity [22]. Therefore, acupuncture stimulation at
a certain acupoint located in an extremity can improve the
function of the corresponding organ system by activating Qi
flow to treat the related diseases.
In terms of traditional Chinese medicine, mental disor-
ders including anxiety are closely associated with the dys-
function of the heart, and some acupoints located along the
meridians related to the heart function are commonly used
to treat anxiety. HT7 is the Yuan Source point of the heart
meridian of Hand Shao-Yin, and PC6 is the Luo connecting
point of the pericardium meridian of Hand Jue-Yin. Both
HT7 and PC6 have frequently been used to treat mental
disorders such as drug addiction, anxiety and, depression
[8,22e24]. In some cases, acupuncture at HT7 and PC6
improved the same symptom through similar mechanisms
[25]. However, in many cases, acupuncture at HT7 and PC6
exhibited different effects, especially when handling
ethanol withdrawal; HT7, but not PC6, significantly
improved the biochemical and behavioral abnormalities in
rats induced by ethanol withdrawal [8,12,23]. In the pre-
sent study, acupuncture at acupoint HT7, but not at PC6,produced an anxiolytic effect by inhibiting the increase of
amygdaloid CRF mRNA expression during ethanol with-
drawal. In fact, the differences between HT7 and PC6 in
their biological effects on ethanol withdrawal-induced
anxiety are in agreement with the theory of meridians,
‘‘Zang-Fu’’ and dialectic treatment in traditional Chinese
medicine [22] and, accordingly, indicate the critical
importance of acupoint selection in treating ethanol with-
drawal symptoms.
5. Conclusions
In the present study, we demonstrated that there was
a significant increase in CRF mRNA expression in the CeA 72
hours after the last dose of ethanol and acupuncture at
specific acupoint HT7, but neither PC6 nor non-acupoint
significantly reduced the increased mRNA expression in
ethanol-withdrawn rats. Moreover, postacupuncture
microinjection of CRF into the CeA almost completely
abolished the effect of acupuncture at HT7 on the
expression of anxiety-like behavior and the oversecretion
of plasma CORT during ethanol withdrawal. These results
suggest that the anxiolytic effect of acupuncture at specific
acupoint HT7 is mediated through modulation of the CRF
system in the CeA during ethanol withdrawal.
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